We successfully synthesized and characterized the triangular lattice anitferromagnet Ba8MnNb6O24, which comprises equilateral spin-5/2 Mn 2+ triangular layers separated by six non-magnetic Nb 5+ layers. The detailed susceptibility, specific heat, elastic and inelastic neutron scattering measurements, and spin wave theory simulation on this system reveal that it has a 120 degree ordering ground state below TN = 1.45 K with in-plane nearest-neighbor exchange interaction ≈ 0.11 meV. While the large separation 18.9Å between magnetic layers makes the inter-layer exchange interaction virtually zero, our results suggest that a weak easy-plane anisotropy is the driving force for the km = (1/3, 1/3, 0) magnetic ordering. The magnetic properties of Ba8MnNb6O24, along with its classical excitation spectra, contrast with the related triple perovskite Ba3MnNb2O9, which shows easy-axis anisotropy, and the iso-structural compound Ba8CoNb6O24, in which the effective spin-1/2 Co 2+ spins do not order down to 60 mK and in which the spin dynamics shows sign of strong quantum effects.
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I. INTRODUCTION
Truly two dimensional (2D) lattices of interacting spins, including triangular, honeycomb, and kagome antiferromagnets, are of central interest to stabilize, explore and understand exotic quantum states and their excitations . However, the experimental realization of an ideal 2D magnetic system embedded in a bulk crystal is very difficult, since undesired factors such as lattice distortions, inter-plane interactions, and anisotropies are often present and transform the system of interest into, at best, a quasi-2D environment.
The design and synthesis of bulk materials with an ideal 2D magnetic lattice has been a challenge in the materials science community. Here, our strategy to achieve two dimensionality is to insert nonmagnetic buffer layers between magnetic layers in a three-dimensional crystal structure. This idea has been applied to the perovskite structure (ABO 3 ) comprised of stacked triangular layers of B ions to yield triple perovskite structure (A 3 B'B 2 O 9 ). By having triangular layers of magnetic B' ions separated by two triangular layers of nonmagnetic B ions, the inter-layer distance gets increased and the inter-layer interactions weakened. As a result, A 3 B'B 2 O 9 realizes ideal quasi-2D magnets for exploring exotic magnetic properties. Examples of such a triple perovskite structure are Ba 3 B'Nb 2 O 9 and Ba 3 B'Sb 2 O 9 (B' 2+ = Co 2+ , Ni 2+ , and Mn 2+ with spin number 1/2, 1, and 5/2, respectively). 14, 15, [20] [21] [22] [23] [24] [25] Among these materials, Ba 3 CoSb 2 O 9 is the arguably most interesting one stabilizing a one-third magnetization plateau as well as carrying anomalous zero-field magnetic excitations. [14] [15] [16] [17] [18] [19] 26, 27 Proceeding from the triple perovskite structure, and with the strategy outlined above, we previously modified and expanded Ba 3 CoSb 2 O 9 to Ba 8 CoNb 6 O 24 with six layers of nonmagnetic Nb and a vacant layer between each layer of magnetic Co 2+ ions. 28, 29 In Ba 3 CoSb 2 O 9 , the intraplane Co-Co distance is 5.86Å and the inter-plane Co-Co distance is 7.23Å which yields an inter-layer exchange interaction (J ) around 5% the strength of the intra-layer exchange interaction(J). [14] [15] [16] [17] [18] [19] 26, 27 Also present in Ba 3 CoSb 2 O 9 is a small easy-plane XXZ anisotropy (the ratio between the longitudinal and transverse exchange interactions is ∆ ≈ 0.9). In contrast, Ba 8 CoNb 6 O 24 has similar intra-layer Co-Co distance of 5.79Å while the inter-layer distances expand to 18.90Å. This reduces the inter-plane interaction below detectable limits of susceptibility and specific heat measurements and also removes any resolvable anisotropy, producing a virtually ideal 2D magnetic lattice with no ordering down to 60 mK, as our recent studies show. Moreover, its inelastic neutron scattering spectrum reveals a high-energy continuum also known as two-magnon scattering, which reflects the reduction of the ordered moment by quantum fluctuations. Therefore, Ba 8 CoNb 6 O 24 is a rare example of spin-1/2 triangular-lattice Heisenberg antiferromagnet in the 2D limit. 28, 29 Following upon the successful reduction of J and anisotropy in Ba 8 CoNb 6 O 24 , calls for engineering a similar material with classical spins. In this paper, we report the synthesis and characterization of Ba • C under Ar atomosphere with intermediate mixing. High-resolution neutron powder diffraction (NPD) measurements were performed by a neutron powder diffractometer, HB2A, at the High Flux Isotope Reactor (HFIR), Oak Ridge National Laboratory (ORNL), USA. Around 3 grams of powder was loaded in an Al-cylinder can and mounted in a close-cycled refrigerator. We used a neutron wavelength of λ = 1.5405 and 2.4127Å with a collimation of 12 -open-6 . The NPD patterns were analyzed by the Rietveld refinement program FullProf 30 . Powder inelastic neutron scattering was measured using the cold neutron time-of-flight spectrometer (TOFTOF) at the Heinz Maier-Leibnitz Zentrum (MLZ), Munich, Germany. Around 6 grams of powder was loaded in an Al cylindrical can mounted at the bottom of a dilution refrigerator. An incident neutron energy of E i = 3.27 meV was used what yielded an elastic energy resolution of 0.08 meV. The data were binned into steps of 0.015Å and 0.015 meV. The DC magnetic susceptibility measurements were performed using a Quantum Design superconducting interference device (SQUID) magnetometer with an applied field of 0.5 T. The DC magnetization was performed on a vibrating sample system (VSM) at the National High Magnetic Field Laboratory (NHMFL), Tallahassee, USA. The AC susceptibility measurements were taken using with the conventional mutual inductance technique with a homemade setup 31 . The specific heat data were obtained using a commercial physical property measurement system (PPMS, Quantum Design).
III. RESULTS
A. Lattice structure Figure 1 shows the NPD pattern of Ba 8 MnNb 6 O 24 measured at T = 10 K with wavelength λ = 1.5405Å. A Rietveld refinement yields a pure phase of the space group P3m1 with the lattice parameters of a = 5.8070(1)Å and c = 18.9465(3)Å. The details of the structural parameters are listed in Table I Fig. 2(b) ]. This remarkable structure is expected to guarantee No sign of magnetic ordering is observed down to 1.8 K and a Curie-Weiss fit of the inverse DC susceptibility on the range of temperatures 100-350 K yields µ eff = 6.04 µ B and θ W = −10.7 K. The negative Weiss constant indicates overall antiferromagnetic exchange interactions, while the obtained effective magnetic moment agrees well with the value 5.93 µ B expected for spin-only S = 5/2 magnetic moments 32 . Hereafter, we will consider the Hamiltonian of a triangular Heisenberg antiferromagnet,
where i, j indicates the nearest neighbors. Considering z = 6 nearest-neighbour magnetic moments coupled with the Heisenberg exchange interaction J, mean-field theory yields
The isothermal DC magnetization taken at T = 0.6 K is shown in 3(b) and yields a moment of 5.5 µ B above the saturation magnetic field µ 0 H s ≈ 22.5 T. The value of the saturated moment corresponds to a powder-averaged gyromagnetic ratio g = 2.1 for Mn 2+ ion assuming S = 5/2. Therefore, the ex-
=1.41 K, from the saturated field agreed with the temperature-dependence measurement of magnetization. The field-derivative of the magnetization shows no obvious valley or peak that would indicate possible spin-state transitions.
The AC susceptibility, χ AC , measured down to 0.3 K at a frequency of 347 Hz was used to probe lower temperature magnetic properties of Ba 8 MnNb 6 O 24 , as reported in Fig. 4 . At zero DC field, χ AC shows a sharp peak at 1.45 K, which indicates a transition to a long range magnetic order. Upon application of a small DC magnetic field of 0.1 T, the peak broadens with a possible shoulder around 2.3 K. The susceptibility was fitted by two gaussian peaks to determine the transitions of T N 1 and T N 2 , Fig. 4a(solid lines) . A possible scenario to explain this behavior is that the single magnetic transition at zero DC field evolves into two transitions upon increasing the DC field, with T N1 refering to the low temperature transition and T N2 the high temperature one. With increasing DC field, Fig. 4(a) , T N2 shifts to higher temperatures while T N1 shifts to lower temperatures and ultimately reaches below 0.3K at 3.0 T. With even larger DC fields (H > 3.0 T), T N2 changes behavior from a maximum above 3.5 K around 4.0T and shifts to lower temperatures with increasing DC field. Using the saturation field obtained from the DC magnetization and the T N 's obtained from the AC susceptibility data, we draw a magnetic phase diagram, Fig 5(a) 24 . A more detailed discussion of this phase diagram will be presented below.
C. Specific heat
In Fig. 6(a) we show the specific heat, C p , of Ba 8 MnNb 6 O 24 measured in magnetic fields of 0 T, 7 T, and 14 T. At zero field, C p , shows a broad peak around 4 K but no significant feature matching the kink observed around 1.45 K in the temperature dependence of the AC susceptibility. Moreover, the data shows a sharp increase below 200 mK, which we ascribed to the nuclear Schottky anomaly of the Mn ions, since the naturally abundant 55Mn has nuclear spin 5/2. This can also explain why the upturn shifts to higher temperatures with higher magnetic fields. Because the magnetic ordered moment increases with the magnetic field and hence opens up the nuclear spin levels through the hyperfine coupling, which leads to the transition at higher temperatures. With increasing fields, the broad peak is somewhat suppressed. We isolate the magnetic contribution to the specific heat, (C m ), by subtracting the specific heat of the isostructural non-magnetic compound Ba 8 ZnTa 6 O 24 . This yields the magnetic entropy change, ∆S m , calculated by integrating C m /T . For simplicity, we did not subtract the nuclear Schottky anomaly from the data but performed the integration from 200 mK since at this temperature, the C p is already pretty small. The obtained ∆S m is around 16 J/mol-K, a value near to the ideal value for S = 5/2, which is Rln(6) = 14.9 J/mol-K with R as gas constant. 
D. Magnetic structure and excitations
In Fig. 7 we show the NPD pattern of Ba 8 MnNb 6 O 24 measured at 0.3 K with wavelength λ = 2.4127Å. The data reveals the presence magnetic Bragg peaks that can be indexed by Q = τ + k m where τ is a reciprocal lattice vector and k m = (1/3, 1/3, 0). In the insert of Fig. 7 , we highlight the difference between the 0.3 K and 10.0 K data, what reveals the details of these magnetic Bragg peaks. The refined magnetic structure for the above propagation vector k m is shown in Fig. 1(c) : it corresponds to a 120
• spin-structure in the ab-plane with spins arranged in a collinear ferromagnetic arrangement between nearest neighbor layers. The refined ordered moment is 4.6 (1) µ B for each Mn 2+ ion. Due to the small number of sizeable magnetic Bragg peaks, the refinement cannot tell whether the spins lie in the ab plane or in a plane containing the c axis (an easy-axis type 120
• structure).
In To model the dynamic magnetic correlations in the ordered state, we resort to linear spin-wave theory at zero tempera- ture 33 . We use a canonical Heisenberg Hamiltonian (Eq. (1)) with the 120
• magnetic structure as ground-state. Due to the powder averaging effect, information about possible exchange anisotropies, which we expect to be relatively small, cannot be accurately extracted from the INS data and therefore are not considered here. The best match between the experimental data measured at T = 0.05 K and the simulation, Fig. 8(f) , is achieved with the nearest-neighbor exchange interaction J = 0.11 meV (or 1.28 K). This value is consistent with the J = 1.22 K calculated from the Curie-Weiss temperature. As shown in Fig. 8(e) and Fig. 8(f) , the calculated spectrum reproduces the main features of the experimental data, such as the positions of the zone centers and bandwidth of the magnetic excitations. A more detailed illustration of the good match between experimental and our model is evident in E-integrated [ Fig. 9(a) ] and Q-integrated [ Fig. 9(b) ] cuts. We may also estimate the upper bound of the easy-plane anisotropy ∆ from the INS data. Although such anisotropy does not gap the entire spin-wave dispersion relation in the Brillouin zone, there will be major intensity shifted up in the calculated spin dynamical structure factor at the ordering wave vector. Within the linear spin-wave theory, the gap ∆ε is proportional to:
Meanwhile, the inelastic neutron scattering data we have has incoherent elastic line that extends to roughly 0.2 meV. So we cannot resolve any potential gap if it is smaller than that. Now we just plug the values J = 0.11 meV, S = 5/2 into the above equation. We can obtain that ∆ > 0.96.
IV. DISCUSSION
A noteworthy feature of Ba 8 MnNb 6 O 24 is that the heatcapacity C p shows no clear sign of long range magnetic ordering but a broad peak around 4 K. Previous quantum Monte Carlo studies on quasi-2D antiferromagnetic Heisenberg models have shown that the onset of long-range magnetic ordering is accompanied with a sharp peak in C p even for interlayer exchange interactions as small as J /J = 2×10 −4 , see Ref. 34 . Upon further decreasing the inter-layer coupling, the sharp peak disappears and only a broad peak remains. Therefore, we believe the sole broad peak in C p hints at the almost ideal two-dimensional nature of magnetism in Ba 8 MnNb 6 O 24 . At the same time, the broad peak indicates that the short-ranged spin correlations have already developed at temperatures higher than T N . This is consistent with the INS observation, which shows that broad magnetic signals have already developed at as high as 10 K.
In spite of its almost ideal two-dimensional magnetism, Ba 8 MnNb 6 O 24 still appears to order at T N = 1.45 K with a 120 degree ordering structure as confirmed by the AC susceptibility and neutron diffraction experiments. Since T N increases logarithmically in the inter-layer interaction or in the exchange anisotropy [35] [36] [37] [38] [39] , we conjecture that the magnetic transition of Ba 8 MnNb 6 O 24 is most likely driven by an easyplane anisotropy.
It is instructive to compare the magnetic properties of Ba 8 MnNb 6 O 24 with those of the related quasi-2D compound Ba 3 MnNb 2 O 9 . For this purpose, the magnetic phase diagram for Ba 3 MnNb 2 O 9 is reproduced in Fig.5(b) . The major differences between these two phase diagrams are as follows. First, a two-step transition at T N1 = 3.4 K and T N2 = 3.0 K occurs in is subject to stronger quantum fluctuations and thus exhibits no longrange magnetic order down to T = 60 mK and calls for 1/S spin-wave theory to model its magnetic excitations. Meanwhile, Ba 8 MnNb 6 O 24 , with S = 5/2, is essentially in the classical limit and the resulting spin dynamics are well described by linear spin-wave theory without considering any form of magnon-magnon interactions. On top of quantum effects, thermal fluctuations should play an influential role in both systems. Therefore, Ba 8 MnNb 6 O 24 , free from strong quantum fluctuations, may serve as a good candidate to investigate the role of thermal fluctuations.
V. CONCLUSION
We presented a detailed experimental study of the triangular lattice anitferromagnet Ba 8 MnNb 6 O 24 with S = 5/2 Mn 2+ ions forming equilateral triangular lattices. Our results reveal that despite the almost ideally 2D nature of the magnetism and the likely vanishing inter-layer interaction, longrange magnetic order develops at T N = 1.45 K. Specific heat measurements along with an inelastic neutron scattering study show that short ranged spin correlations are well formed at at temperature as high as T = 10 K. Linear spin-wave theory simulations yield a nearest neighbor interaction around 0.11 meV, in good agreement with an estimate from magnetic susceptibility measurements. By comparing with the related triple-perovskite Ba 3 MnNb 2 O 9 and the isostructural Ba 8 CoNb 6 O 24 with effective spin-1/2 Co 2+ ions, we elucidated the subtle role played by quantum spin number and putative weak anisotropies to produce long-range magnetic ordering in the 2D triangular lattice Heisenberg antiferromagnet Ba 8 MnNb 6 O 24 . 
